Objective To investigate whether patterns of dysphagia and swallowing laterality differ according to the location of brain lesions in patients with stroke. Methods Patients with stroke >20 years of age were enrolled in this study. A videofluoroscopic swallowing study (VFSS) including the anterior-posterior view was used to assess swallowing. Patterns of swallowing were classified into three types according to the width of barium sulfate flow while passing the pharyngoesophageal segment: right-side-dominant flow, left-side-dominant flow, and no laterality in flow. Laterality was defined when the width of one side was twice or more the width of the other side. Results A total of 92 patients who underwent swallowing function evaluations by VFSS were enrolled from September 2012 to May 2013. Of these, 72 patients had supratentorial lesions (group I) and 20 patients had infratentorial lesions (group II). Only 10 patients (13.9%) in group I and three patients (15.0%) in group II showed laterality. Of these 13 patients, laterality occurred on the left side regardless of the side of the brain lesion. No relationships were found between swallowing laterality and location of stroke or motor weakness. Conclusion The results suggest that swallowing laterality was not prevalent among patients with stroke and that lesion side, location of the brain lesion, or motor weakness did not influence swallowing laterality. Although stroke can cause symptoms of dysphagia, it is difficult to conclude that stroke has a crucial impact on swallowing laterality.
INTRODUCTION
Patients with stroke involving the cerebral hemispheres www.e-arm.org phagia. Among these tests, a videofluoroscopic swallowing study (VFSS) is a standard diagnostic tool for detecting dysphagia [11] and provides information on bolus passage or residue, laryngeal penetration or aspiration, and the overall swallowing mechanism [7, 12] .
Swallowing laterality has been studied but the exact mechanism underlying this condition remains unknown. Patterns of swallowing have been investigated in healthy subjects [13] . In this study, 35% of subjects showed left dominant flow, 7% showed right dominant flow, and the remaining subjects had no laterality in flow. This study showed that even healthy subjects can have a certain degree of swallowing laterality.
In a previous study [14] using functional magnetic resonance imaging (MRI), swallowing was shown to activate the primary motor cortex, primary somatosensory cortex, supplementary motor cortex, prefrontal cortex, transverse temporal gyrus, insular cortex, internal capsule, cingulate gyrus, speech areas, auditory association area, and sensory-motor integration areas. Lateralization in the right hemisphere was greater than in the left and the left-hemisphere was dominant for swallowing tasks.
Whether laterality exists in normal subjects and in patients with stroke remains under debate. Previous studies have attempted to determine whether laterality exists among patients with stroke and to elucidate the value of compensatory techniques, such as head rotation or head tilt, in patients with laterality. In a study involving patients with hemiplegic stroke and dysphagia, swallowing laterality was not significantly related to the severity of dysphagia nor the direction of hemiplegia [15] . In this study, patients with infratentorial lesions were excluded and swallowing laterality of the patients with infratentorial lesions was not studied.
As dysphagic patterns that occur after stroke can be different according to the location of the brain lesion [16] , lesion location may influence the direction and laterality of the swallowing pattern. Therefore, whether laterality exists and differs between patients with supratentorial or infratentorial lesions should be assessed.
The aim of this study was to investigate whether patterns of dysphagia and swallowing laterality differ according to the location of brain lesions. Therefore, we classified our patients according to stroke site and compared the incidence of laterality between patient groups.
MATERIALS AND METHODS

Subjects
A total of 92 patients (59 men and 33 women) with stroke, who were referred to Department of Rehabilitation Medicine at Asan Medical Center for an evaluation of dysphagia, were enrolled in this study. The patients with stroke had definite brain lesions on computed tomography (CT) or MRI, and data were interpreted by radiology specialists. Patients were divided into two groups: group I patients had supratentorial lesions and group II patients had infratentorial lesions. Patients with a history of dysphagia, dental problems that could affect swallowing function, previous cerebrovascular damage, or pregnancy were excluded. A VFSS was performed on all patients. Patients who could not maintain a sitting posture or could not follow directions and were unable to undergo videofluoroscopy were also excluded.
Methodology
The oral, pharyngeal, and esophageal stages of swallowing were examined by VFSS using the EasyDiagnost Eleva (Philips, Amsterdam, The Netherlands). Patients were asked to sit in a wheelchair on the right side of the fluoroscope. They were given 5 mL of thick barium fluid mixture, pureed diet, mechanically altered diet, regular diet, and 5 mL of thin barium fluid to swallow two times for each diet for the lateral view. Then, laterality was assessed in the anterior-posterior view. Patients were given two spoonfuls of pureed diet and 5 mL of thin barium fluid to swallow twice. All examinations were recorded as files in the Asan Medical Center database. The study was discontinued if physiatrists involved in the exam decided that the patient was at increased risk of severe aspiration. Fluoroscopic data were analyzed by two physiatrists. Patients were diagnosed with dysphagia if any abnormality in the oral, pharyngeal, or esophageal phases was detected.
The width difference in the barium flow out of the pharyngoesophageal segment was assessed to investigate the presence of laterality [13, 15] . Laterality was suspected when the flow at the pharyngoesophageal segment was double or more that of the opposite side during two swallows. The difference in flow width in the pharyngoesophageal segment was classified into three categories of right-side dominant in width, left-side dominant in width (LD), and no laterality in width.
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Evaluation
Patients were evaluated based on the American SpeechLanguage-Hearing Association National Outcome Measurement System (ASHA-NOMS) swallowing scale, which shows dysphagia severity by measuring the diet level with a rating of 1-7 [17] and the clinical dysphagia scale (CDS) which includes items, such as lesion location, tracheostomy, aspiration history, lip sealing, chewing, tongue protrusion, laryngeal elevation, and reflex cough [18] . Oral transit time (OTT), pharyngeal transit time (PTT), premature spillage, residues on the vallecular pouch or pyriform sinus, laryngopharyngeal incoordination, functional dysphagia scale (FDS) [19, 20] , and penetrationaspiration scale (PAS) [21] were evaluated using VFSS. The OTT was measured from the point when the bolus made the first posterior-ward movement until the head of the bolus reached the back of the tongue. The PTT was measured from the point when the head of the bolus moved beyond the ramus of the mandible until the tail of the bolus passed the cricopharyngeal region [22, 23] . The OTT and PTT were measured based on solid diet. The FDS was used to assess dysphagia severity and the PAS was used to evaluate the amount of airway invasion. Unlike ASHA-NOMS, higher CDS, FDS, and PAS scores indicate the presence of severe dysphagia.
Statistical analysis
The Mann-Whitney U-test was used to compare age, OTT, PTT, PAS, CDS, and FDS between patients who showed laterality and those who did not. The chi-square test was used to compare gender, type, and location of the lesion, presence of motor or facial weakness, presence of laterality, presence of residue in vallecular or pyriform sinuses, presence of oral phase delay, pharyngeal weakness, and presence of aspiration or penetration. The statistical analysis was performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). p-values <0.05 were considered significant.
RESULTS
Among the patients with stroke, 72 had supratentorial lesions (group I) and 20 had infratentorial lesions (group II). Only 10 patients (13.9%) in group I and three (15.0%) in group II showed laterality. The demographic characteristics are shown in Table 1 , and the VFSS results of the groups are shown in Table 2 .
No significant differences in age, sex, location of lesion, or type of stroke were found between patients with and without laterality ( Table 3) . Mean patient age was 65.8±9.9 years, and 69.2% (nine patients) were men. Only 15.4% of patients had hemiplegia, indicating that most patients did not have a severe motor deficit. Furthermore, no differences in the presence of motor or facial weakness were found between the groups.
In addition, lesion location did not differ significantly www.e-arm.org between patients who did and did not have laterality. Nine patients (69.2%) with laterality had lesions on the right side, whereas four patients (30.8%) had lesions on the left side. Laterality occurred only in the left side of patients, indicating that laterality did not correlate with the side of the lesion.
The VFSS results were compared between patients with and without laterality. Parameters, such as OTT, PTT, presence of residue in vallecular or pyriform sinus, PAS, presence of aspiration or penetration, CDS, and ASHA- www.e-arm.org NOMS are shown in Table 4 . No significant differences were observed between the groups in these parameters, except the FDS.
DISCUSSION
The mechanism of swallowing in patients with stroke and dysphagia is currently a focus of much investigation. Dysphagia frequently occurs after hemispheric stroke. Previous studies involving transcranial magnetic stimulation of pharyngeal muscles showed that hemispheric representation of swallowing is bilateral and asymmetric, which explains the variability of dysphagia occurrence after stroke [24] . In particular, the anterolateral frontal and caudolateral precentral cortex are thought to be related to swallowing control [25] . In another study, dysphagia was associated with stroke severity and with large lesions affecting the frontal and insular cortices [26] . Dysphagia occurs more frequently in hemispheric strokes than in brainstem strokes, the latter accounting for only 6% of dysphagia cases.
The mechanism underlying the neural control of swallowing has not been fully elucidated. Many studies have been conducted to determine the mechanism of swallowing function and dysphagia. The risk of dysphagia increases with disruption of cortical-cortical and corticalsubcortical white matter connections [5] . Hamdy et al. [27] proposed the existence of functional asymmetry of swallowing between the two hemispheres and suggested that damage to the hemisphere containing the dominant pharyngeal cortical center may lead to oropharyngeal dysphagia. This finding implies that if the dominant center is located in the unaffected hemisphere, dysphagia may not occur. He also suggested that dysphagia is more likely to occur after damage to the right hemisphere. Mosier et al. [28] reported that lesions to the left periventricular white matter are more disruptive to swallowing function than lesions to the right. Most patients with long-term dysphagia have left-hemisphere lesions, which agrees with functional MRI studies, suggesting that the left hemisphere dominates the cortical representation of swallowing. The results of these studies are controversial; thus, we divided our patients into two groups according to the lesion location under the hypothesis that lesion location is related to the occurrence of dysphagia.
Khedr et al. [24] found that esophageal muscle control in patients with hemispheric stroke is similar for both hemispheres. Stimulating the unaffected hemisphere evokes a larger cortical map area in non-dysphagic subjects than in dysphagic subjects and the affected hemisphere produces little response in both groups. This finding suggests that dysphagia and stroke lateralization (%) . No significant differences were detected in any parameter between the groups. ASHA NOMS, American Speech-Language-Hearing Association National Outcome Measurement System swallowing scale; PAS, penetration-aspiration scale. *p<0.05.
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Whether dysphagia occurs regardless of the affected hemisphere remains to be elucidated. A previous study showed that patients without dysphagia have extensive bilateral pericentral activation in the early subacute phase after stroke when compared to healthy subjects and that lateralization to the contralesional hemisphere is not significantly pronounced [29] . This finding may explain why no significant difference was seen between the two groups in terms of site of lesion and lateralization in our study.
Pathways underlying swallowing functions can be disrupted but rapid recovery can be achieved by bilateral innervation and alternative innervation routes. Motor representation of the pharynx in the unaffected hemisphere increases in patients who recover from dysphagia, whereas patients who do not recover from dysphagia show no changes in cortical motor representation [30] . This observation suggests that reorganization is necessary for patients with stroke to regain normal swallowing function. Subsequent over-activation of the contralesional hemisphere occurs after acute under-activation. This can be followed by normalization of activation in the chronic stage in patients with stroke who suffer from dysphagia [29] . Recovery of dysphagia occurs rapidly with plastic changes on the healthy side [31] . This may account for why laterality did not frequently occur in patients in our study. The FDS is a quantifiable method to assess dysphagia severity [20] , and our FDS results were significantly different between patients with and without laterality ( Table 4 ). This finding suggests that patients with laterality showed more severe dysphagia symptoms than those without laterality, who may have employed compensatory pathways that mitigated the symptoms of dysphagia.
In addition, when lesions are large and invade the primary motor cortex, all swallowing-related cortical areas may be disrupted, resulting in long-term dysphagia [2] . A subgroup analysis of patients with large lesions may show a higher incidence of dysphagia; however, this was not investigated in this study.
Although some studies have shown evidence of laterality, the existence of laterality remains controversial. Swallowing laterality has been studied in healthy subjects, but studies on patients with stroke and dysphagia are rare.
Kim et al. [15] reported laterality in about 40% of patients with hemiplegic stroke but the direction of laterality did not correlate with the direction of hemiplegia. Swallowing laterality occurred more frequently on the right side, which differs from our findings of laterality on the left side. In this study, many hemiplegic patients did not show swallowing laterality; therefore, it was insufficient to conclude the existence of a relationship between laterality and stroke.
Seta et al. [13] reported that swallowing dominance is more prevalent on the LD in both sexes and that the percentage of LD in men tends to increase with age. These authors reported laterality with a LD pattern in 42% of subjects, with approximately 70% of women showing no laterality whereas 70% of men >51 years of age had LD in passage. In agreement with those results, patients in our study showed laterality on the LD. In our study, laterality did not seem to be influenced by the stroke itself and may have existed prior to the onset of stroke. The upper esophagus is located slightly on the left side from the midline due to compression by the trachea and vertebral bodies [32] , and this anatomical relationship may have caused laterality in our patients.
There are several limitations to our study. First, the patients with stroke were not grouped according to the severity and extent of lesions. As large lesions involving swallowing-related cortical areas could induce dysphagia symptoms, the extent of the stroke lesions should be considered in the future. Second, we could not identify patients who had lesions on corticobulbar tracts. Patients with corticobulbar lesions may have more severe dysphagic symptoms compared to patients with lesions elsewhere. Third, we could not assess the presence of swallowing laterality before the onset of stroke. Fourth, there was a relatively smaller sample size in the second group when compared with the first group. Post-stroke dysphagic patterns show differences according to location of the brain lesion, whether it was a supratentorial or infratentorial lesion [6, 16] , unlike our study which showed no differences between supratentorial or infratentorial lesions. This may have been due to the discrepancy in the sample size between the two groups.
Our study investigated the presence of laterality in patients with stroke with the aim of identifying whether factors, such as lesion location or motor weakness, correlate with the occurrence of laterality. Laterality was shown in www.e-arm.org a small number of patients but was not prevalent in the patients enrolled in our study. Our results suggest that lesion location does not impact the incidence of swallowing laterality. Therefore, we cannot elucidate the usefulness of dysphagia compensatory techniques, such as head rotation and head tilt. Further studies with a larger sample size are needed to confirm our results.
In conclusions, our results suggest that laterality was not prevalent among patients with stroke and that lesion side, location of the brain lesion, or presence of motor weakness did not strongly influence swallowing laterality. Although stroke can cause symptoms of dysphagia, it is difficult to conclude that stroke has a crucial impact on swallowing laterality. Further studies with a larger sample size will be needed in the future.
